China has incurred a steady decrease of energy intensity (EI, energy consumption per unit of GDP) since the 1980s, for example, a decrease of 29.3% from 1995 to 2004. EI trends of individual provinces vary, although the whole country shows declining energy intensity. The energy-intensity trends in three provinces seem especially interesting, Inner Mongolia, Liaoning and Ningxia: they represent three typical EI trends in China, increasing, nearly constant, and decreasing. It brings forth a puzzle that Ningxia and Inner Mongolia, with developed renewable energy industry and clean energy technology, has increasing or almost constant EI, while Liaoning, which has a heavy industry base and does not have much renewable energy capacity, experienced an EI decrease. Whether or to what an extent does renewable energy development impact the energy intensity? What are other reasons driving the EI trends in these regions? How the economic development is interacting with energy intensity issues? This paper examines underneath reasons for differences in energy intensity trends. Furthermore it tackles that puzzle by analyzing determinants for EI trends and examining economic structures of these regions.
thousand Yuan in 1995 to 220.53 in 2004 (1995 deflated value) , but its EI basically fluctuated around 200. Liaoning, a province with considerable heavy industry, like most provinces, has a steadily decreasing EI trend, and its EI is at about the same level as that for China as a whole. Its EI decreased from 276.4 kgce per thousand Yuan in 1995 to 122.9 in 2004 (1995 deflated value) , a decrease of 55.6%. objective of boosting the use of renewable energy capacity up to 10 percent of the country's total energy consumption by the year 2020 (compared to 3% in 2003) . Totally, since 1980s, China has issued more than 20 national policies or laws to promote renewable energy development and has achieved considerable progress (NREL 2004a&b, 2006 ). China's renewable energy development has also received attention from multiple agencies. For example, the National Renewable Energy Laboratory (NREL) under the U.S. Department of Energy keeps track of China renewable energy policy. Wang (2005) concludes that renewable energy in China is still under utilized that it is even disregarded in official figures. Some reports also reflect that some provinces still rely on coal industries for economic growth (21 Century Economics 2005).
Renewable energy development is supposed to have a positive effect on EI decrease. Martinot (2001a Martinot ( , 2001b reviews the World Bank's renewable energy projects in China and finds that, on the one hand, these projects contribute to energy efficiency or decreasing EI in China by promoting the awareness of energy conservation. On the other hand, renewable energy development is supposed to help decrease EI as it brings forth technology innovation of energy use (NREL 1999 , Martinot 2001a&b, Gao et al. 2005 . For example, coal gasification, an innovation introduced in this period in Inner Mongolia, not only decreases energy intensity but reduces carbon-dioxide emissions (Moniz & Deutch 2007 , SEPA 2004 .
Given this background, Inner Mongolia has achieved significant growth in its renewable energy, especially wind power and solar power. Inner Mongolia has the highest wind power potential in the country, with a total wind power capacity by the end 
Three provinces
Inner Mongolia, Liaoning, and Ningxia are located in the north of China, as shown in Figure 2 .
Inner Mongolia has an area of 1.18 million kilometers (km) occupying about 12% Ningxia is a relatively undeveloped region in China, which is shown by its low GDP per capita (SSB, 1997 (SSB, -2005 . Coal is its key resource and the coal industry has become a base industry in Ningxia. East Ningxia Coal Basin is one of the 13 key huge coal production cases in China, with a proved reserve of 27.34 billion tonnes and a potential reserve of 139.43 billion tonnes.
Developed by NingXia Coal Industry Corporation (merged by Shenhua Group from Inner Mongolia), this coal base will become an industrial park with mainly energy-intensive industries, including coal mining, coking, coal tar, petroleum products, etc . Ma Qizhi (2006) , then the governor of Ningxia, stated that "The project of East Ningxia Coal Base is the key for ensuring our GDP growth of more than 10% per year until 2020". 
is a change in aggregate production (output effect, the energy consumption of the second year based on the same energy intensity and industrial structure of the base year minor the energy consumption of the base year).
str E ∆
represents a change of consumption due to changes in composition of aggregate production (structural effect) and int E ∆ is the intensity effect which shows the changed resulted from the adoption of more efficient technologies and techniques, and so forth (Detailed formulae about calculating these effects are presented by Zhang 2003 , or Park 1992 . R is the residual, which is not equal to zero and it will grow generally if t increases, which leaves part of the observed change in energy consumption unexplained. This constitutes a shortcoming of the Laspeyres methods and some scholars, such as Zhang (2003), derive their own equations to eliminate this residual.
Therefore, I adopt the method developed by Polenske and Lin (1993) . Their method clearly decomposes the energy consumption into three parts each of which can be calculated and explained easily.
Where t E is the total energy consumption in year t, t O is the GRP (or GDP for the whole nation) in year t. The constant share is the energy consumption under the condition that the energy intensity in year t remains at the same level as that of the base year. The effect of industrial structure on energy use is illustrated by the industrial-mix component. A negative industrial mix means that the industrial structure has become less energy intensive compared with that in the base year, and, likewise, efficiency change is similar to the intensity effect discussed in the Laspeyres method, measuring the change of energy efficiency.
If we extend the items on the right-hand side of Equation (1) and add them, the sum is exactly equal to the item on the left side, which leaves no residual in the equation. In other words, the energy intensity can be fully explained by the three effects defined on the right-hand side of the equation. Furthermore, by dividing both sides of Equation (1) Energy efficiency is broadly defined as the introduction of new equipment, processes, and/or techniques, which can influence the amount of energy consumed per unit of output. A structural change reflects the shift in the industrial composition. Ideally, by using a finer industrial classification, an analyst can explain more about the shift and obtain a more reasonable explanation than for the courser detail data. But data availability remains a challenge. Similar to Polenske and Lin (1993) use the first five sectors plus a six "others," which includes all the other sectors.
Energy-intensity changes
In this section, I present the results of shift-share analysis both for China and for the three provinces. As shown in Table1 increase is accelerated to 11 EI units. I note that the industrial mixes are all positive (except the value of 1998) in these ten years. This indicates that China's industrial structure in these ten years actually increases its energy intensity. Also, this might suggest that it is hard for China to reduce its energy intensity by changing its industrial structure. One explanation for the negative industrial mix value of 1998 (-0.64) is that in 1998, China started its so-called "laid-off" reform, duing which many employees of state-owned enterprises (SOEs) were laid off, and some old, inefficient or unprofitable SOEs were closed, which had a great impact on China's industrial structure. Except for 2003 and 2004, the efficiency shift has played a role in decreasing energy intensity. During this period, the efficiency shift accounts for the decrease of energy intensity, while industrial mix mostly increases the energy intensity of China. In the case of Inner Mongolia, the effect of efficiency shift is still significantly larger than that of industrial mix (see Table 4 and Figure 2 ). In the past decade, the EI of Inner Mongolia has decreased and then increased, fluctuating by roughly 200 EI units. Industrial mix, in general, does not contribute to energy efficiency except in 1998 and 2000. In contrast, for most of the years, the efficiency shift is negative, decreasing the energy intensity. This effect is especially noticeable in 1996 and 1998. In the early 2000s, the effect of efficiency shift is relatively minute, and in 2004, this effect on energy intensity actually is positive. Figure 2 shows an explicit comparison between these two effects. Regardless of being negative or positive, the efficiency shift always has a larger influence on the total EI than the industrial mix does, which matches the trend at the national level discussed above. Liaoning shows a constant decrease of energy intensity except in the year 2000, in which the EI is slightly higher than the previous year then returning to a lower level. This indicates that this province has made progress in improving its energy efficiency. Examining from the effects of industrial mix and efficiency shift, we can easily find that its efficiency shift has been continuously negative, while the industrial mix varies above and below zero. The efficiency shift trend clearly tells that, Liaoning, in the past ten years, has introduced new energy technology or other techniques that improve energy efficiency. In contrast to Inner Mongolia, Liaoning also makes more progress in optimizing its industrial structure: in five of the nine years, the industrial mix is negative. Still, efficiency shift has higher values than industrial mix, thus, it remains a main force in changing energy intensity, as shown both in the table and the figure For Ningxia Provicne, due to data unavailability, I have only five years' data about shift and mix effects. Based on the available information, I find that, as a whole, energy intensity climbed in negative efficiency shift compared to other years; meanwhile, the industrial mix also presents a large trade-off with a positive effect on energy intensity. On the one hand, I infer that, Ningxia, a relatively undeveloped region in China, has not improved its technology of utilizing energy significantly in the past ten years. On the other hand, its industrial structure still remains energy-intensive. I explain this in detail in the coming section. 
Energy investment, efficiency and renewable energy
In the previous section, I showed that the energy-efficiency shift is the main factor explaining the change of energy intensity in China as a whole as well as in each of the three selected provinces.
As defined, I assume this efficiency effect is triggered by technological innovations. To help understand the underlying factors causing the efficiency effect, I examine energy-technology investments in China and in the three provinces. However, these investments in the energy industry are not necessarily directed to renewable energy development. Due to China's long push and policy motivation for developing renewable energy, I believe that these provinces have some renewable energy that might benefit from technology investments and contribute to energy efficiency to a certain degree. In the following, I discuss the development of renewable energy in these regions. Due to the data unavailability for Liaoning Province, I cannot discuss much about its renewable energy industry. Renewable energy is less developed compared to the other two provinces.
Although the provincial government issued some policies and laws, on the one hand, these regulations mainly affect renewable development in rural areas, and the scale is minimal. On the other hand, things are changing. In Liaoning Province, energy conservation and developing renewable energy were on the agenda in the provincial 11th Five-Year Plan (Liaoning, 2006) .
Industrial structure
To play a role in decreasing energy efficiency, officials need to promote the renewable energy industry more than they do at present. The minimal scale of renewable energy in the provinces explains why this industry cannot show the expected effect of improving energy efficiency.
Althoguh Investments in energy technology updates and transformation help analysts understand why there is a difference in the energy-shift effect among these provinces, I note that the industrial mix usually plays a minimal role in changing energy intensity.
As mentioned before, the coal industries, energy-intensive sectors, are the main force driving the Inner Mongolian and Ningxia economies, and in Liaoning Province, the energy-intensive steel industry, plays a similar role. 
Conclusion and discussion
Conducting a shift-share analysis, I have proved my hypothesis proposed at the first section. My analysis shown that the energy-efficiency shift, the key 'other' factor rather than the development of renewable energy, plays a main role in changing the energy intensity of China, and three of its Another puzzle also occurs. The fact that the energy-intensive coal industry remains a base industry for both Inner Mongolia and Ningxia seems to explain partially why they cannot realize an energy-intensity decrease. However, Shanxi, the largest coal production province in China, has decreased its energy intensity successfully in the past decades (Polenske 2007 
